This experiment was designed to assess the possibility of using graded levels of carrot tops hay (CTH) in rabbit diets and its effect on growth performance, nutrient digestibility, carcass traits, economic efficiency and certain blood constituents. Sixty 6-week-old New Zealand White rabbits were randomly divided into 5 equal experimental groups, each with four equal replications and kept in cages in an open-sided rabbitry. Five experimental diets containing different levels (0.0, 10, 20, 30and 40%) of CTH were formulated and used from6 to14 weeks of age. The experimental animals were fed their experimental diets and clean drinking water ad libitum. The criteria of response (body weight, feed consumption, weight gain and efficiency of feed utilization) were estimated weekly on a replicate group basis. During the last week of study, five digestion trials were performed to estimate the nutrient digestibility of the experimental diets. When the rabbits were 14 weeks of age, 5 rabbits from each treatment were randomly selected and fasted for 18 hours before slaughtering. Carcass yield, giblets (liver, heart and kidneys) and total edible parts were estimated relative to LBW at slaughter. Some blood plasma parameters were also determined. The obtained results can be summarized as follows: Dietary inclusion of CTH up to 30% had no adverse effect on all criteria of growth performance of 14-week-old rabbits. However, rabbits fed diet containing 40% CTH had significantly lower final body weight and total gain compared with other experimental treatments. Dietary treatments had no significant effect on total feed intake or efficiency of feed utilization. Rabbits fed diets containing different levels of CTH achieved significantly better economic efficiency of feeding (EEF) compared with those fed on the control diet, the highest mean of EEF was achieved by rabbits received the 30% CTH-diet. There were significant differences in digestibility of dry matter (DM), organic matter (OM) and ether extract (EE) among the experimental treatments, Inclusion of CTH at 40% significantly depressed the digestibility of DM, OM and EE compared with other treatments. Feeding diets containing the CTH up to 30% did not negatively affect digestibility of nutrients. Dietary treatments did not significantly affect carcass traits (carcass yield, giblets and total edible parts ) or blood measurements. We can conclude that carrot tops hay can safely be used in growing rabbit diets up to 30% without any adverse effect on their performance or carcass traits.
INTRODUCTION
Feeding cost of rabbits represents at least 65% of the total production cost. For optimizing the profitability of rabbit production, there is an urgent need to look for alternative plant by-products and evaluate their nutritive value for rabbits. Rabbits are herbivorous animals that consume high forage diets. Feeding rabbits on high fibrous agricultural by-products may be limited if their lignin fraction is high (Galal et al., 2014) . Minimizing the feeding cost could be achieved through the use of untraditional cheaper feed ingredients. One possible solution to increase the animal protein production is the use of small ruminants and semi-ruminant species such as rabbits (Mahsoub, 2007) . Intensive rabbit production in developing countries has been greatly affected by feeding costs, especially dietary protein and energy sources (Ezea, 2004) . The CTH is one of unconventional feed ingredients. Therefore, this experiment was designed to investigate the effects of dietary inclusion of graded levels of CTH on performance, nutrient digestibility, carcass traits and some blood parameters of New Zealand White rabbits.
MATERIALS AND METHODS

Experimental Procedures
The current feeding trial was undertaken in the Rabbit Farm, at the Agricultural Research Center, belonging to Faculty of Agriculture, Mansoura University, during May to July, 2016. Carrot tops hay (CTH) was used at levels of 0, 10, 20, 30 and 40% of the diet. The parameters examined included body weight, weight gain, feed consumption, feed conversion ratio, economic efficiency, nutrient digestibility, carcass traits and some blood constituents of rabbits.
Experimental animals
Sixty growing New Zealand White (NZW) rabbits, at 6 weeks of age, were randomly divided into 5 groups, each of 12 animals in three replicates of 4 rabbits each. All groups of rabbits had approximately equal initial live body weights. Each group of rabbits was fed on one of five experimental diets (Table1).
Experimental diets
The fresh carrot tops was collected and mechanically cut to small pieces, sun dried and used in the experimental diets. The chemical composition (as-fed basis) of carrot tops hay (CTH) was 93% dry matter, 78% organic matter, 18% crude protein, 0.005% ether extract, 12% crude fiber, 15% ash, and 37.99% nitrogen free extract. Five experimental diets in pelleted form were formulated to contain five levels of CTH (0, 10, 20, 30 and 40%) . The composition and chemical analysis of the experimental diets are presented in Table1.
Rabbit housing and measurements
Each replication of rabbits was housed in one cage supplied by a feeder and a nipple drinker. The cage dimensions are 50 × 70 × 50 cm. All rabbits received the fresh water and their respective diets (pellets) on an ad libitum basis throughout the experimental period from 6 to 14 weeks of age. The experimental rabbits were kept under the same managerial and hygienic conditions. Live body weight and feed intake were recorded weekly on a replicate basis. Economic efficiency of feeding (EEF) was computed as price per one kg weight gain -feed cost/kg gain / feed cost/kg gain)] multiplied by 100. The sale price per unit of weight gain was 25.0 EGP. 
Digestion trials
During the last week of the feeding trial, nutrient digestibility was estimated by means of five digestion trials. Four rabbits from each treatment were used in each trial. These rabbits were weighed and kept in metabolic cages. A preliminary period of 3 days was followed by a 3-day collection period of feces during which feed intake was accurately determined and cecotrophy was not prevented. Collection of feces began at 24 hours after offering the feed. The feces of each group of rabbits was collected every day in the morning. Any shaded hair or foreign materials were discarded. The feces was dried at 60 ºC for 16 hours in a forced-drought oven. At the end of the collection period, dried feces for each group was mixed, ground and stored until chemical analysis. Diets and feces were analyzed for dry matter (DM), crude protein (CP), ether extract (EE), crude fiber (CF) and ash according to AOAC (1995) using duplicate samples. Digestibility of nutrients was calculated as follows:
(Nutrient intake -Nutrient excreted) ÷ Nutrient intake × 100.
Slaughter test
At 14 weeks of age, five rabbits from each treatment were randomly chosen and slaughtered after fasting for 12 hours. Rabbits were immediately weighed before and after slaughtering. Then, they were skinned and emptied. The weights of carcass yield, giblets (liver, heart, kidneys) and total edible parts were recorded. Head of each rabbit was included in the carcass weight. All carcass traits were calculated as percentage of the pre-slaughter weight.
Blood constituents
At the end of the experiment (14 weeks of age), 5 rabbits were randomly selected from each treatment for blood sampling. Blood samples were collected during slaughtering into heparinized tubes. Then, plasma was separated by centrifugation at 3000 rpm for 15 minutes. The blood plasma levels of total protein, albumin, globulin, glucose, triglycerides, cholesterol, high density lipoprotein cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C), and activity of plasma aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were determined by commercial kits, as described by Doumas et al. (1981) , Doumas et al. (1971 ), Trinder (1969 , Fossati and Prencipe (1982) , Allain et al. (1974) , Sawle et al. (2002) and Friedewald et al. (1972) , respectively.
Statistical analysis
Data were statistically analyzed by one-way analysis of variance using SAS program (SAS, 2006 ). Significant differences among means were estimated using Duncan ' s multiple range test (Duncan, 1955) .
RESULTS AND DISCUSSION
Growth performance of rabbits
Effects of feeding graded levels of CTH on growth performance of NZW rabbits during the experimental period (6-14 weeks of age) are presented in Table 2 . There were no significant differences in initial live body weights among the experimental groups of rabbits. Dietary inclusion of CTH up to 30% had no adverse effect on all criteria of growth performance of 14-week-old rabbits.
However, rabbits fed diet containing 40% CTH had significantly lower final body weight and total weight gain compared with other experimental treatments. Dietary treatments didn't significantly affect total feed consumption or feed conversion efficiency. Rabbits fed diets containing different levels of CTH positively affected the EEF compared with those fed on the control diet; the highest EEF was recorded by rabbits received the 30% CTH-diet. The obtained results are in accord with Abdu et al. (2012) , who found that feeding rabbits on diets containing up to 45% of carrot leaf meal had no significant effects on their final body weight, weight gains or economic efficiency. In addition, Abonyi et al.(2012) found that feeding rabbits on diets containing graded levels of sweet potato leaves (SPL) up to 50% had no adverse effect on final body weight, weight gain, feed intake or feed conversion of rabbits but when its level reached 75 or 100% feed intake increased while feed conversion ratio was negatively affected. Also, Genedy et al. (2000) suggested that feeding dried watermelon by-productcontaining diets up to 12% didn't significantly influence the body weight gain of rabbits compared with the control ones. Our results agree also with the findings of Safwat (2010) that BWG of rabbits was not significantly affected by feeding dietary containing corn cobs and field beans. Similarly, Asar et al. (2010) demonstrated that body weight gains of rabbits weren't influenced by either commercial diet or those contained two fiber sources (corn-cob meal and Faba bean straw) during the experimental period. Also, Ibrahim (2005) reported that LBW and BWG of rabbits were improved in response to feeding diets containing medicinal and aromatic plants.
As regards total feed intake of rabbits, it was not affected by the dietary treatments during the fattening period (6-14 week of age). In agreement with the present results, Kagya-Agyemang et al. (2013) who observed no significant influence on feed intake when rabbits were fed on dried pito mash as a replacement for maize. Similarly, Rabieet al. (2011) demonstrated that neither dietary fiber level nor probiotic addition had a significant impact on feed intake of rabbits during the post wearing period. In addition, Abdu et al. (2012) reported that feeding diets containing graded levels of carrot leaf meal up to 60% did not significantly affect daily feed intake of rabbits. On the contrary, Tag El-Din et al. (2002) found that rabbits fed 30% Phaseolus vulgaris-containing diet from 4-14 weeks of age consumed more feed than did the control group.
In the present study, there were no significant differences in FCR among the experimental groups of rabbits from 6 to 14 weeks of age. This result is in agreement with the findings of Kagya-Agyemang et al. (2013) that feeding diets containing up to 20% dried pito mash did not alter the FCR of rabbits. In agreement with the present results, Mohsen et al. (2015) found that FCR of rabbits was not affected by replacing a commercial feed with hydroponic green barley forage.
On the contrary, El-Neneyet al. (2013) reported that FCR of rabbits significantly improved following to increasing dietary crude fiber to 18% compared with the control group. Similarly, Asar et al. (2010) reported an improvement in FCR of rabbits due to feeding diets containing corn-cob meal and Faba bean compared with their control rabbits. In addition, Bahnas et al. (2009) reported that rabbits fed parsley-containing diets had significantly better FCR compared with their control counterparts. Also, Hamed and Badr (2013) suggested that FCR was improved when berseem hay was replaced by pea straw at different levels.
Our results showed that the best EEF value was recorded for T4 (30% CTH). In a good harmony with the present results, Abdu et al. (2012) found that feeding rabbits on diets containing carrot leaves hay led to a decrease in the total cost of the diet. Also, Galalet al. (2014) reported that the use of strawberry vine hay in rabbit ration led to an increase in the EEF. Similarly, Asar et al. (2010) found significantly better EEF when rabbits were fed on diets containing corn-cob meal compared with their control group. Also, Gaafar et al. (2014) obtained the highest total and net revenue values when berseem hay was partially replaced by ensiled and dried sweet potato vines in growing rabbits diets.
Nutrient digestibility of rabbits
The effects of feeding diets containing graded levels of CTH on nutrient digestibility of 13 weeks old rabbits are presented in Table 3 . There were significant differences among the experimental treatments in DM, OM, and EE digestibility. Rabbits fed the diet containing the highest level of CTH (40%) had the lowest digestibility of DM, OM and EE compared with other dietary treatments. But there dietary treatments had no significant impact on CP, CF and NFE digestibility of rabbits.
In partial disagreement with our results, Abd ElLatif et al. (2012) reported that when sugar beet pulp was used as replacement of hay in rabbit diets the digestibility of DM, OM, EE and NFE were not affected but CF and CP digestibility were significantly improved due to increasing dietary sugar beet pulp up to 75% compared with those fed the basal diet. On the other hand, Abonyiet al. (2012) found that inclusion of sweet potato leaves up to 100% in rabbit diets significantly improved DM digestibility but the CP and EE digestibility were not affected. Also Sherif et al. (2008) found that digestibility coefficients of CP and NFE were not affected by feeding rabbits on banana leaves, however CF digestibility was improved compared with the control group. Table 4 shows means of carcass traits of 14-weekold NZW rabbits as affected by dietary CTH level. Dietary treatments didn't affect the relative weights of carcass yield, kidneys, heart and total edible parts of rabbits. But rabbits received the lowest level of CTH had significantly higher percentages of liver and giblets weights than those of other dietary treatments. Our results agree also with those of Ngoshe et al. (2013) , who observed a significant difference in liver weight of rabbits fed graded levels of carrot leaf meal. In partial agreement with the present findings, Rabie et al. (2011) found no significant effect of dietary fiber levels on carcass traits of rabbits. Also Kagya-Agyemang et al. (2013) demonstrated that using dried pito mash in place of maize in rabbit diets had no significant effect on the relative weights of heart and kidneys. Also, Sherif et al. (2008) reported that carcass traits weren't affected by feeding rabbits with different levels of banana leaves. On the other hand, Amber et al. (2002) reported that dressing percentage was significantly lower for rabbits fed diets contained sugar beet pulp, sweet potato tops or mung bean hay than those received the control diet or the diet contained rice straw. Table 5 shows means of blood plasma parameters of 14-week-old NZW rabbits as affected by dietary CTH level. There were no significant differences among dietary treatments in blood plasma parameters including total protein, albumin, globulin, glucose, triglycerides, cholesterol, HDL, LDL-C, VLD-L or the activity of AST and ALT enzymes. The obtained results fall in the physiological range for rabbits.
Carcass traits
Blood parameters
Our results are in harmony with Rabie et al. (2011) , who showed that the dietary fiber level had no significant effect on all blood plasma constituents. Also, Sherif et al. (2008) found that blood plasma parameters were not affected by feeding rabbits with different levels of banana leaves as a source of fiber. In the same line, Abdu et al. (2012) found that no significant differences among treatments in the cholesterol values of rabbits fed graded levels of carrot leaf meal. The obtained results of blood plasma constituents fall in the physiological range for rabbits. 
